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ABSTRACT 

An ee was made of the aircrew centered system 
design aspects for the MH-53E helicopter. These aircrew 
centered design features included changes in the 
cockpit, aircraft weight and drag coefficient. The 
cockpit evaluation compared the current MH-53E cockpit 
configuration with design changes currently under 
review by the Navy. This evaluation suggests that the 
proposed cockpit design display change may reduce 
aircrew load stress and improve mission effectiveness. 
Changes in subsystem components may either increase or 
decrease the weight of the MH-53E. Similarly, changes 
in crew tasking may result in a need for more or less 
fuselage volume size. Therefore, the sensitivity of MH- 
53E performance to generic changes in weight and drag 
was investigated in order to make source assessment of 
equipment and crew tasking changes upon MH-53E mission 


effectiveness. 
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I. INTRODUCTION 

Through the advent of modern technology, aircraft crew 
stations provide aircrews with a variety of information, 
including information related to laser guided weapons, 
radar, etc. An effective crewstation requires displays, 
controls and avionics subsystems that enhance the mission 
effectiveness of the crew. 

Today’s military helicopters are often tasked to 
perform a multitude of missions. In addition to the variety 
of tasks, the complexity of that tasking can make for a 
challenging aircrew system design. To ensure that the crew 
is best able to perform these various and complex tasks, it 
1s important that the aircrew system be designed to enhance 
the aircraft’s performance as a weapon system. Thus, 
helicopter aircrew centered system design is essential. 

Of all the missions performed by helicopter aircrews 
few are as uniquely complex as the Airborne Mine 
Countermeasures (AMCM). The focus of this thesis is the 
analysis of changes and suggested improvements in AMCM 
crewstations that may lead ie an improvement in the 
effectiveness of the AMCM mission from a crew centered 


system design perspective. 





II. THE MCM MISSION 


A. GENERAL 


There are primarily two ways to detect a sea mine, and 
one of them puts a hole in your ship. Mine Countermeasures 
(MCM) is the search, detection and neutralization of sea 
mines. The platforms by which the Navy accomplishes this 
mission is primarily performed by surface ships and 
helicopters. The ships that perform the MCM mission do it by 
primarily towing devices behind the ship that search or help 
neutralize mines (sonar, magnetic coils,etc). The MCM 
performed by helicopters is properly referred to as the 
Airborne Mine Countermeasures (AMCM) and is performed by 
the helicopter towing devices through the water which search 
or help neutralize mines (sonar, magnetic coils,etc) .Since 
there are a variety of AMCM devices, for purposes of clarity 
they are collectively referred to as a “towed body.” The 
AMCM towing subsystem uses a cable, with one end is attached 
internally to the aft end of the helicopter and the other 


end is attached to the “towed body.” 


The Alrborne Mine Countermeasures (AMCM) is currently 
performed by the MH-53E helicopter. The AMCM mission is 
particularly unique in that it requires a substantial degree 
of crew coordination to facilitate mission success. Thus, 
the effective use of airframe systems to search detect and 
neutralize sea mine threats requires a thoroughly integrated 
aircrew centered system planform design. 

5: DESCRIPTION OF THE AMCM MISSION 

The following discussion provides a description of 
relevant AMCM parameters and mission aspects. The primary 
mission phases are composed of three consecutive phases of 


activity termed streaming, towing & recovery. 


A) Take Off and Clanb to Transat Allitacte 

8) Fly at Transit Altitude to Streaming Point 

C) Descend to Streaming Altitude 

O) Pertorm Streaming Oprrations and begin Tawing 
E) Perform Towing Operations 

F) Perform Recovery Operations 

G) Climb to Transiting Altitude 

H) Return to Base 


Figure 1 AMCM Mission Outline 
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fom eelintpwecteron rig (l)~~depiers an Outline Gia tyolcaL 
AMCM mission which includes the previously mentioned mission 
phases. 

ate Minesweeping and Minehunting 

The AMCM mission 1S primarily composed of either one of 
two tasks: minesweeping or minehunting. 

Minesweeping is the act of neutralizing mines or mine 
threats. Minesweeping is performed mechanically by towing 
cables equipped to cut the mooring chains of moored mines 


Beg 27). 


~~ + ee 
a” AUNE ABOLT TO BE Cur 


Om Cor inc 
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Figure 2 Mechanical Minesweeping 


Minesweeping is also performed influentially by towing 
devices that create false magnetic, acoustic or pressure 
Signatures that are needed to explode influence mines. 

Minehunting is the act of actively searching for mines 
primarily with the use of sonar devices. Minehunting is 
often used to search for specific mine types in a known mine 
danger area. 

oe Parameters and Terminology 

The AMCM mission has uniquely specialized terminology 
and operating parameters. For the purpose of clarity the 
following crew member functional definitions are used in the 


following sections of this thesis. 


e Mimonom lame person in the cockpit physically at 
the controls of the aircraft. His/Her tasks 
include but are not limited to maintaining 
aircraft velocity, heading and altitude 
parameters. 


e Go eGecw Tne person im the cockpit not in 
Pivctea! Controls of the dircraft. The co- 
pilot’s responsibilities include but are not 
limited to navigating, operating avionics and 
performing necessary checklists. The co-pilot 
must also assume the pilots role in the event of 
an emergency. 


& Aircrewmen : The enlisted personnel who perform 
all tasks in the aft portion of the helicopter 
necessary to complete a mission. Aircrewmen 
tasks include but are not limited to operating 
winches, hoists and cables that are attached to 
the “towed body”. 


* Load Stress: The stress (workload) imposed by 
increasing the number of channels (or sources) 
over which information is displayed to an 
observer. 

ce Operations, Hardware and Processes 


The following is a description of the Operations, 


Hardware and Processes that are unigue to the AMCM 


SOnmMUnNI EY. 
° Tension: The tensile force in the cable 
connecting the helicopter to the “towed body.” 
u Tow Boom: The tow boom is essentially the device 


which attaches the “towed body” cable to the MH- 
536 Fig (3). The tow boom is ivyorect shi wedmue 
the aircraft in the cabin ceiling. The free end 
is allowed to pivot from the level position to 
the cabin floor as well as 30 deg left/right of 
centerline as illustrated in Fig(4). 


Tow Boom , eo 


a. . | 
| 





Figure 3 Tow Boom (Top View) 








Figure 4 Tow Boom (Side View) 


Skew: The measured angle that the tow boom makes 
left or right of the aircraft’s centerline 
during tow operations Fig (5). The skew must be 
monitored by piite pa lot during .bow Gpesarlone Eo 
ensure the “towed body” is properly positioned 
behind the aircraft. 


Drift: Veryeeslow flight usually Wess than Skes. 
Dritting is usually anitiated [renga hoverwana 
Can OcCGur in any Girection (ierwansd, Dackwardac. 
laterally). 





Figure 5 Skew 


Minefield Track 


Minefield 





Figure 6 Minefield Track 


Minefield Track: The intended flight path of 
the aircraft and the towed body during AMCM 
operations Fig(6). One of the primary tasks of 
the pilot during AMCM operations is to ensure 
that the aircraft flight path has a minimum 
deviation from the minefield track. Minefield 
tracks within a given minefield are discerned 
from one another by track numbers 


Yards to Remaining: The distance “a” remaining 
to the opposite end of the minefield Fig (7). 
Once the aircraft and “towed body” have 
transited this distance the process of turning 
the aircraft and “towed body” commences. 





Figure 7 Yards Remaining 
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Iiit. THE MH-53E AIRCRAFT AND MISSION SUBSYSTEM 


A. THE MH-53E AIRCRAFT 

Currenely, the MH-S3E Super Stalbiiton 26 ehhien lor 
Navy’s sole airborne mine countermeasures (AMCM) aircraft. 
While other aircraft have been used in the past, the MH- 
S3E’s superior size and power has made it the aircraft of 
choice for the AMCM mission. The aircraft is manufactured by 
Sikemsky Adweraft,a Divisione ot Uniwece Technologies, located 


in Stratford Connecticut Fig (8), (NAVAIR,1993). 


MH-S3E 
HELICOPTER 





Figure 8 MH-53E 
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BeMew@r tire MH 55m Gesilgn Specifications and standard sea 


level performance characteristics are as follows 


(Ae, 19 95).. 


Geometric Parameters 


Length oie bea abig 





Table (1) Geometric Parameters 


Rotor Parameters Main Tail 
Radius (ft) 5o 500 IO O16; 


Gnord (ft) 2 eaG eZ 
Blade No 7ACCo AanO'O 
Se diled ty; 


Bip Speed (ft/s) 733 





Airfoil Type NACA QO15 
Table (2) Rotor Parameters 
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Alrcraft Characteristics 
Engines:3, T64-GE-416A @ 4380 SHP each 
Max. Cruise: 150 kts 


Maso, Rabe ome clima. 2, 500 form withe25, 000 











payload) 


Max Gross Wt 697750. 2s 


Table (3) Aircraft Characteristics 





leje AMCM MISSION OUTLINE DESCRIPTION 

A schematic of a typical AMCM mission is depicted on 
Fig (9). As noted above, primary mission phases are 
composed of Streaming, Towing and Recovery. 

Stream Phase: The first phase of the AMCM mission 
involves the deployment of the “towed body” from the 
aircraft into the water before reaching the minefield. The 
process of streaming a “towed body”is physically 


accomplished by the actions of the aircrewmen. 


A) Take Off and Cumb to Transa ARdude 
a a ee 





Figure 9 Mission Outline 


ile 


Pmieomolheerevwmenm tasks Primabiily involve ehysically getting 
the “towed device” out of the aircraft into the water and 
back onto the aircraft. The ailrcrewmen essentially operate 
winches located in the aft cabin area which pay out cables 
Bteaecmeur Lo thnem @ovequeody . Only after the “towed body” 
enters the water can the AMCM operations of mine sweeping 
or minehunting begin. The aircrewmen perform the majority of 
their tasks in the aft cabin area as depicted in Fig (10). 
POL inPomunemoemcamiumg Piase the, pilot’s primary task 1s to 
fly the aircraft as dictated by NATOPS procedures, in such a 
way as to prevent oscillations of the “towed body.” The 
primary mission objective during the stream phase is the 
minimization of the time required to stream the “towed 
body.” Accomplishing this objective helps to maximize the 


time spent towing in the minefield. 


Cabin Area 





Figure 10 Cabin Area 
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Pique (Lia depices the al@erart position during serecanmmm 
phase of an AMCM mission. 

Towing Phase: As noted above the second phase of the 
mission is that in which the minehunting and/or minesweeping 
activity takes place. Figure (12) depicts the aircraft 
operating in the towing phase of an AMCM mission. During 
this phase the aircrewmen are primarily visually monitoring 
the “towed body”. The primary objective during the towing 
portion of the mission is for eheepilot to ily any accumaee 
minefield track with the proper ground speed, tension and 
skew parameters. 

Recovery Phase: The process of bringing aboard the 
towed body onboard the aircraft, ship, or beach line from 
which it was initially released. The recovery phase can 


essentially be thought of as the Streaming Phase in reverse. 





Figure 11 Streaming Phase 


sg 


The pilot once again must fly the aircraft in such a way as 
to prevent oscillations while the aircrewmen winch in the 
“towed body”. Figure(4) depicts the aircraft operating in 


the recovery phase of an AMCM mission. 
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Towing 


Recovery 





Figure 13 Recovery Phase 


io 


Se MISSION SUBSYSTEMS 


The MH-53E accomplishes the minesweeping/mine hunting 
tasks by towing a device containing several subsystems, 
which are attached internally to the aft end of the 
NelnEeceptrer, Enrougteene water. The following is a list of 


the subsystems used for AMCM minesweeping/minehunting tasks. 


® MK-103: Mechanical wire sweeping apparatus used 
for moored mines. The MK-103 Fig(13) 
accomplishes it’s mission by cutting the 
submerged chain of a moored mine with explosive 
cutters. After the mooring chain is cut the mine 
rises to the surface of the water. 





Figure 14 MK-103 
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MK-104: Acoustic signal generating device which 
generates acoustic signals via the venturi 
effect. The MK-104 generates an acoustic 
Signature that emulates a vessel moving through 
the water. 


MK-105 Sea Gretoemmeestee Capable of producing a 
magnetic signature that emulates the magnetic 
Signature of a vessel Fig (15). This system can 
be combined with the MK-104 to sweep 
magnetic/acoustic influence mines. 


AN/AQS-Q14 : Down and side looking sonar device 
used for locating bottom and moored mines 
Eitegyemng ta 
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Figure 15 MK-105 


a2 


Figure 16 AN/AQS-14 


AMCM MISSION PERFORMANCE 


SL slenderd 
=~ ~~~ $1 90°F 


Sweep ilme - 
hours 


40 60 80 
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Figure 17 Mission Time 


The AMCM subsystem time on station is unique for each 
particular device and varies linearly with the distance 
aircraft must travel to the minefield. Secondly, the time 
on station is distinctive because each “towed body” used has 
a unique approximate streaming time. The maximum 
minesweeping/minehunting time for most missions is 
approximately 4.7 hrs Fig (17). Finally, the AMCM towing 
capability is limited to a steady state tension of 25,000 


EDs Wien a Surge Gapaciey of 30,000 lbswiite aie 
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IV. MH-53E CREW MISSION REQUIREMENTS 


As noted above the typical AMCM mission is executed in 
three phases Streaming, Towing and Recovery. As a reminder 
the person designated as the “pilot” is the person 
physically at the controls of the aircrartt ana the ee 
pElot’ is the person noe In physical econere!l of Pme 
aircraft. Lastly the “aircrewmen” are the enlisted personnel 
who perform all tasks in the aft portion of the helicopter 
necessary to complete a mission (1i.e., sonar operation, 
device handling, etc.). 

A. STREAM PHASE REQUIREMENTS 

Stream Phase: The first phase of the mission involves 
the deployment of the “towed body” from the aircraft, ship, 
or beach line. Two of the primary objectives during the 
stream phase are the minimization of both the stream time 
and distance to the minefield Fig (11). Accomplishing these 
two objectives helps to maximize the time spent towing in 
the minefield. Fig (18) depicts the relative streaming 
Pesittlon Of a “towed body”. 

During the stream phase the pilot’s tasks are concerned 
primarily with those things he must accomplish to provide 


the “best platform” to stream the “towed body.” 


Zs 


The pilot 1S Weemecmmed withetiyang the Gerrect altitude(s), 
heading(s) while maintaining the appropriate ground speed 
for streaming the “towed body”. In addition to heading, 
altitude and ground speed cues, the pilot must also comply 
with the audio inputs from the enlisted aircrewmen directing 
Eneourebughteol theseabeenalt fmem 1t’s “ait section. This 
directing of the aircraft during the stream may require the 
pilot to drift the aircraft as a means of stabilizing the 
“towed body” as it 1s lowered from the aircraft to the 
water. Outside the cockpit the pilot must be cognizant of 
the wind direction and the status of the “towed body” which 
Neweamwmecaeaguire from looking intembhesaft facing mirrors 
Ig alte me (iL) a 

Witwics=piieons (FkNiCEIOnN 15 primarily Co maintain 
oversight of the entire mission and to communicate the 
proper information to the pilot, aircrewmen and the air 
traffic controlling agencies at the appropriate time. 
The co-pilot’s additional responsibilities include advising 
Liew cm navigating, aad controlling all avionics (e.9g.:, 


checklists, channel switching, etc.) 
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Figure 18 Relative Streaming Position 


MH-S3E 
HELICOPTER 





Figure 19 Mirrors 
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B. TOWING PHASE 

Towing Phase: The second phase of the mission is that 
in which the active minehunting and/or minesweeping takes 
eulacee Fig 20) Wdespiecrs the alrcraft operating in the towing 


phase of a mission. 





Figure 20 Towing Phase 


During the towing phase of the mission the pilot’s tasks 
include the acquisition of information he/she must have to 
properly tow the gear within the proper limits of ground 
speed, tension and skew. The pilot is also concerned with 


the aircraft’s position in the minefield. 
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To facilitate accurate minesweeping/minehunting, the 
pilot must stay on the minefield track. Therefore, he must 
be cognizant of the aircraft position relative to the 
minefield track Fig (21). Near the successful completion of 
each minefield track, the pilot must be cognizant of the 
yards remaining on the present track, the direction to begin 


turning for the subsequent track, and the distance to the 


subsequent track. 





Figure 21 Minefield Track Position 


Once the pilot has commenced the turn, he/she must have some 
indication of the rate of closure upon the successive track. 
this, rate of closume intormacion 1S Crlbvealtrerenctiac 
towing accuracy and minimization of time outside the 


minefield. 
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During the towing phase of an AMCM mission the co-pilot 
requires that information necessary to advise the pilot of 
the minefield track prosecution sequence. This information 
includes the subsequent track number, relative distance, 
Spee Oot onaliy, the copilot must continue to support the 
pllct by promiding @= back up Ss@an to all cockpit 
Micmauinenitanton., Lastly, the co-pilot must Maintain His 
communication with the air traffic controlling agencies and 
ib econrmiieculmg Shipping Ehaffiile, as necessary. 

Oe RECOVERY PHASE 

Recovery Phase: The process of bringing aboard the 
towed body onboard the aircraft, ship, or beach line from 
which it was initially released. 

During the recovery phase the flying aspects of the 
mission are much like the stream phase in that the pilot 
must provide the most steady aircraft platform possible to 
Peecover ene “towed boey.” Similarly, the co-pilot’s 


requirements mirror those required during the stream phase. 


30 


Se AMCM CREW COORDINATION 

Any analysis of AMCM crewstations would not be 
complete without mentioning of crew coordination 
requirements inherent to the mission. The primary reasons 
for the amount of coordination necessary is largely due to 
crew size & mission procedures. Crew size includes 2 pilots 
and from 2 to 5 enlisted aircrewmen. The number of 
aircrewmen is a function of the type of “towed body” used. 
Plainly put, the pilots coordination between themselves and 


the crewmen is crucial to ensure mission safety. 
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V. CURRENT MH-53E COCKPIT 


A. GENERAL DESCRIPTION OF INSTRUMENTATION 

The current instrument panel illustrated in Fig (22) is 
labeled with numbers to identify which instruments are used 
by a pilot performing an AMCM mission. The following text 
pEovides a brier GeScription Gl Waar LYpe Gr Intormaclome. 


Pernished to the pilot by each individual instrumenc.- 





Figure 22 Pilot Instrument Panel 
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S. INDIVIDUAL INSTRUMENT DESCRIPTION 


(1) Ground Speed Drift Angle Indicator (GSDA) 

Drift Direction: An arrow indicates the direction in 
which the aircraft is moving (drift). Ground Speed is also 
numerically read out in kts Fig (23) (NAVAIR, 1993). 





Figure 23 GSDA 


(2) Attitude Directional Indicator({ADI) 

The two ADI’s installed on the instrument panel 
ioe si ieieqre seae helicopter s pltch, roll attitude, 
Sucnercre, slip and Navigetionelewinformation Fig({ ). For 
AMCM navigation the horizontal bar indicates the relative 
ground speed and the vertical bar acts as a “steer to” bar 
to remain on the minefield track .(NAVAIR,1993) See Fig(24). 
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(SVeerizontal Sitteeronsinemesror (iat) 

The EwOrHSTS installe@ wen the Imstrument panmel Pig (25)F 
present a plan view of the navigational situation as if a 
pilot were looking down from above the helicopter. The 
instrument consists primarily of a rotating compass card, 
two bearing pointers, a heading indicator and course 
deviation indicator, (NAVAIR, 1993). 


(4) Mode Selector Panel 

Two mode selector panels marked MODE SEL are on the 
instrument panel Fig (26) to allow each pilot to select the 
source of heading and attitude reference to their respective 
ADI and HSI. These selector panels allow each pilot to 
select his/her preferred navigation source ( i.e. VOR, 
TACAN, etc) (NAVAIR, 1993). 





Figure 24 ADI 
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(5S) fensi onweieew Indicator (TST) 


DU SING mwene  FEOWMaemOOsElOn Of the mission this 
instrument provides the pilot with tow tension and skew 
angle information. The arced LCD tension scale in the upper 
center of the indicator provides two parallel displays. 





Figure 25 HSI 


The upper scale is divided into segments from 0 to 40 x 
1000 representing 1000 lbs each. The lower scale is divided 
into segments from 0 to 6 x 150 lbs each . The lower portion 
of the indicator provides a LCD scale showing skew angle 
from 12 degs left to 12 degs right. Below the scale indices 
at 1 deg increments are shown from 10 left to 10 right with 
ope Oymenee | O marked Figures sig so) FNAVAIR, 1993) . 


(6) VO-30 

The VO-30 located in the console serves to indicate 
relevant minefield distance ( e.g. yards left of track, 
yards to go, etc) . The VO-30 indicates numerically the 
aircraft distance from track and the distance to the end of 
the minefield. The VO-30 also indicates with bars the “fly 
to” direction. Additionally, the azimuth direction of the 
minefield and the track number is also indicated 
Fig(16) (NAVAIR, 1993). 
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: 








Figure 26 Mode Select Panel 


(7) Global Positioning System (GPS) 

The current global@eestetemtme system located in ene 
cockpit console section provides precise navigation 
information in latitude/longitude. The current GPS system 
1s capable of storing and providing the necessary navigation 
information to fly to preset navigation points Fig (17). The 
Global Positioning System provides the precise navigation 
necessary to conduct AMCM missions (NAVAIR, 1993). 
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Figure 27 TSI 





Figure 28 VO-30 
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Figure 29 GPS 


39 





Figure 30 Navigation Charts 


(8) Standard Nautical Charts 

ifelvideo tm Ee Bay daetemmenarts for each AMCM mission 
is a standard nautical chart . The nautical chart includes 
the layout of the minefield azimuth and relative size. The 
chart also depicts pertinent hazards to navigation (e.g. 
reefs, buoys, and shipping channels, etc.) Fig(30} 
(NAVAIR, 1993). 


c. MH-53E COCKPIT CHANGES 


The MH-53E helicopter in its present state has a very 
high workload cockpit. Recently, a major design change to 
the MH-53E cockpit has been built and evaluated . This new 
“glass cockpit” known as the MH~-53E Navigation/Communication 
System (NCS) is the most significant change to the Airborne 
Mine Countermeasures (AMCM) community Since the use of 
global positioning system (GPS) navigation and should prove 


just as valuable. 
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The design changes in the MH-53E cockpit are primarily 
the replacement of navigation instruments that depict the 
helicopter’s horizontal situation. This design change is 
unigue in that this is the only aircraft in recent times 
where the cockpit has been vastly altered, but the mission 


and exterior aircraft design has remained unchanged 


4] 





VI. THE NEW MH-53E COCKPIT 
The design changes ingsthesgMi—-oee cockpaeare primarily 
the replacement of navigation instruments that depict the 


helicopter’s hori Ze@meeieesosr garion - 


A. GENERAL DESCRIPTION OF INSTRUMENT CHANGES 


The new MH-5S3E cockpit layoue mee. shown an shi > ie 
contrast of the current cockpit and the new cockpit is 
featured in Fig (32). The old cockpit contains several 
instruments that were duplicated on both sides of the 
cockpit ( i.e., alrspeecag imei cate raaeeteUGempeo, elc. 

The new cockpit design called for the removal of some dual 
instruments from both sides of =the cockeit, "amd yer olmen 
instruments were only removed from a single side. Table (4) 


contains the list of IMS@yve@ments which Wweremmeersevea from 


ime Current COCKSIL. 


> Side ee Side Both ae 


Ec: | = [Removed = 


Mode Select Removed 
= 


ST eel Removed 


AMCM Caution Removed 
Advisory 
Panel 





Table (4) Instruments Removed 


i ¥, 
Wie se 


is 


z. 
io) 
S 
ft 
o&% 
© 
ty) 
ke 
Zz. 
A 
Oo 
Zz 
Ps 
F 
>» 
“ 
=. 
= 
o 
= 
~ 
< 
z. 
J 
nm 
ok 
je 
~ 
. 





Figure 31 New Cockpit Layout 
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Figure 32 Cockpit Contrast 
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Figure 33 HSDS 


Tne New cockpit primary horizontal reference instrument 


is, che Horizenmal «Gaiseeeci one DisplayveSystiem, (SDs) yee sews 
displays are located in position formerly occupied by the 


Hea’ s Fic(33). 
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joi HORIZONTAL SITUATION DISPLAY SYSTEM (HSDS) 

Two HSDS displays are installed in the new instrument 
panel, one each side of the instrument panel. screens. The 
HSDS provide the pilots with aircraft attitude and 
Nerizeomeal Cdim@Sctliconal anftormation. 

The HSDS provides the aircraft attitude and horizontal 
directional information to the pilots by allowing greater 
than 17 different screens to be displayed. The two screens 
used for AMCM operations of the HSDS are the TOW and MCM 
screens (NAVAIR, 1994). 

ce HSDS TOW Screen 

The HSDS TOW screen provides a moving map around an 
aircraft symbol in the center of the screen. For most AMCM 
operations the TOW screen will be primarily used by the co- 
Dilot -The HS@emTOW Sereen Gisplaysselso include symbols for 
minefield/towing operations. Figure (34) illustrates the 
moving map display with the current minefield and minefield 
track number in the middle of the screen. The current 
téension/skew text is the “1000/2 R” at the bottom center of 
the display in Fig (34). Adjacent to the tension skew text 
iomeme Text Padicaeimg Ehe current minerield track. The 
SeleenOr Gravicy Eexe 1S Lillustrated directly below the 


tension/skew text. 
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Figure 34 HSDS TOW Screen 


The text indicating the navigation system and mission type 
are liiustrated directly below the center of gravity text. 
The bottom line of text in Fig (34) designates the radio 
sources and frequencies. The Tow screen features in the top 
leit of the screen include information such as the distance 
<o the opposite end of the field, Distance To (DST); the 
time to travel to the end of the minefield, Time-To-Go 
(TTG); and the Groundspeed (GS) . The text in the top right 
of the screen notes the direction and speed of the wind 
(WND), the Commanded/Desired course(CRS}, and the Cross- 
Track Devietion (XTR)\ They wem cach mine track incieares 


GAC crack that 2S Cevoer= (on 


47 


The darkend blocks on the right and left of the screen are 
the display control keys. The analysis of the display 

Som ehelo eG up JONG Umenscopemo: this thesis. Additionally, 
the minefield map will display a turn path computed by the 
NCS based upon device type and track separations 


(NAVAIR, 1994). 


a HSDS MCM Screen 

The HSDS MCM (Mine Countermeasures) screen provides a 
compass rose, tension/skew and the minefield track number. 
For most towing operations, the MCM screen is primarily used 
by the pilot. These displays include a tension manometer, a 
skew bar, tension/skew text, cross track deviation bar and a 


SEeuma speed Geyiation bar Fig(35). 
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Figure 35 HSDS MCM Screen 
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Figure 36 HSDS MCM Screen 


Jaana aS 
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ape egamefo a Mor 


center proportional to tow boom skew. Tension is displaved 


Hi CMe Lext above the stew bar be thernearest £00. los t= sew 


text is displayed below the skew bar indicating degrees left 


Gee Cl Ghee 
centered 


the HSDS 


in Fig (37/). Paercross track “deviation bar is 


about the aircraft symbol located in the center of 


display. 


The cross-track deviation bar represents the current track 
and deflects left or right. The bar is displaced 
proportional to the distance between the aircraft and the 
current minefield track as defined by the scale markings. 
The ground speed deviation bar and scale is centered about 
the aircraft symbol, at the center of the HSDS display. The 
ground speed deviation bar deflects forward or aft of the 
aircraft to indicate the aircraft groundspeed as slower 
(forward) of faster (aft) than that selected. The darkened 
blocks to the right are display control keys. The analysis 
of the display control keys are beyond the scope of this 


thesis. 





Figure 37 Skew Indication 
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VII. SIMPLIFIED AQS-Q14 MISSION ANALYSIS 


in order to gain a more comprehensive view of how the 
current cockpit compares to the new NCS Glass cockpit, a 
Bartial Missiem Task Analysa@s is allustrated in the 
following text. The upcoming mission task analysis serves to 
highlight some of the differences in the two cockpits as 


some of the primary mission tasks are performed. 





Figure 38 Infield Towing 


This analysis should serve to highlight the noted cockpit 
differences in the performance of an AQS-0Q14 mission. The 
phase of the mission chosen for comparison is the tomas 
phase at two distinct parts of the phase, those being 


Pipette la Owing 6 tO wee ene)  LUrIING Thicg moe 
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Figure 39 Turning 


These two regimes of the towing chase were chosen because 
they are most able to suggest the ditferences in the 
required workload and situation awareness. The required 
workload and situation awareness aspects were chosen 
because of tneir significant importance as crew centered 
Gestion Griveria: 

The AN/AQS-14, commonly referred to as the “O14” is 
essentially a down/sidelooking sonar device. Fig(40) is an 
illustration of the approximate search path of a “gQl14" 
conducting AMCM operations. Once deoloyed from the aft end 
OL “Eeemwe sera t the “O14's” CGepth 15 subsequently controlled 


from a console by an enlisted aircrewman. 
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Figure 40 AN/AQS-14 Search Path 


The subsystem can be used to locate both bottom and moored 
mines by the sonar reflections. 
x. PILOT INFORMATIONAL REQUIREMENTS 
For the towing environment during the ANS-Q14 mission, 


the primary information required by the pilot is as follows: 





Required Pilot Information | 







iWiension im ( ibs) | 





in a visual tape gauge format 






(degrees ) 






Skew in 





a visual biock reference gauge 


Ground Speed in (ts) 


















Relative Ground Speed as a visual reference 





DESEaENCe CO Dee CHC Meiehewrmetad in “vee te ge” 
Table(5)Required Pilot Information 


The following text serves to highlight the differences 
in the present cockpit displays vs. the NCS subsystem 
displays. The differences examined are those encountered by 
a pilot performing an AMCM mission. In order to compare the 
differences between the present cockpit displays vs. the NCS 
subsystem displays a uniform reference system was used. 

The uniform reference system assumes the distance to both 
the current cockpit display and the NCS system display are 
approximately equal for any particular pilot. The comparison 
makes references only to displacements in the plane of the 
CO@selt Instrument panel The polmts about which the 
measurements were made were the respective centers of the 
two different primary attitude displays. Thus the reference 
point used for the NCS system is the center of the HSDS 
screen. Likewise, the reference point used for the present 


Gee@lsoilt is the @enter of the ADI. 
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Figure 41 Reference Point 


SeoLm OL wNeSe POINTS COreespond co 
cross track deviation bar and the 
as Cross as depmcted in Figma!) . 

Using the present system, the 
following distances to acquire the 


listed in Table (6). 


. 


the location where the 


Visual speed reference 


pilot must scan the 


necessary information 


(in) 


Skew aS a visual block 


LeoreGence™, | 
Ground Speed in (kts) 
Distance to the far end of 





2 es © 1} e 
Table(6) Information Required by Pilot 





For the pilot using the NCS system the distances he must 
scan to get the same associated information are listed in 


Table(7). 


Information Required 


(in) 
cin. earess) 


Skew as a visual block 


reference 
Ground Speed in (kts) 
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B. CO- PILOT’S INFORMATION REQUIREMENTS 


The information required by the co-pilot is quite 
different than that required by the pilot because of the 
greater variety of tasks performed by the co-pilot. The co- 
pilot’s tasks include but are not limited to navigating, 
EUning avionics, performing checklists ,etc. In regards to 
the co-pilots information requirements a comparison of the 
NCS cockpit vs present cockpit was made. However, since the 
€o-pilot’s required information 1S in proxies ves tor ner sealer 
instrument panel, a scan distance comparison was not made. 
For the co-pilot’s information requirements the only 
comparison made involved instrument proximity. For a co- 
pilot in the present cockpit the instrument locations are 


Misted in Table (8). 


|___information Required | __Imstrument Location _ 
Aircrafts minefield position | VO- 30 (center console) 


Distance to next minefield VO- 30 (center console) 


track 


Barection OL sur VO- 30 (center console) 


Vo-_30_(center console) 


Table(8) Instrument Proximity 





a7 


Hocico - Dt loc lhmenewNeo cOckple Enewmmstrument locations 


ease lasteqg im table (9) 











Information Required _| __Imstrument Location _ 
Aircraft minefield position HSDS Front Inst Panel 


Distance to next minefield HSDS Front Inst Panel 











| track 








Dries eckileon, Of “Curn HSDS Front Inst Panel 


HSDS Front Inst Panel 


Table(9) Instrument Proximity 


It should be noted that the flat position of the VO-30 
screen often requires the co-pilot to bend over it to 
acquire the necessary information. The co-pilot positioning 
Paice ewin unis Manner 1s orten due to glare and the VO-30"%s 
small screen sizZe. 

Turning Comparison 

The following comparison of the NCS system vs. the 
meesent cockeet 1s done to highlight how the differences in 
the cockpit configurations could effect mission 
effectiveness. The “turn” portion of the mission was 
selected for comparison because this portion of the mission 


is directly related to mission effectiveness. 
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The effectiveness of a AMCM mission can be measured by the 
Operational Tow Time . The Operational Tow time is a good 
measure of effectiveness because it measures the amount of 
time spent in the minefield performing tow operations. 

The Operational Tow Time commonly referred to as OPTOW can 


be thought of using the following mathematical relations: 


T = TOTAL TOW TIME 

SL > STREAM TIME 

TU = TIME IN TURNS 

AV = TIME IN AVOIDANCE TURNS 


OPTOw = @2)-(ST)-(7U) Ay. 
Thus, effectiveness of Aircrew Centered System Design 
during this part of the mission is paramount because the 
effectiveness of the turn is substantially dependent on the 


crews situational awareness. 





Figure 42 Turn Comparison 
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The significant differences in the cockpit displays are 


that in the new cockpit: 


1) The co-pilot and pilot can see the complete 
minefield from an moving map perspective. 


2) The pilot does not have to rely on the co-pilot to 
inform him/her of when to start turning. 


As an illustration, Fig (42) depicts the differences 
between a pilot making an efficient turn, (A) vice an non- 
efficient turn, (B). It must be kept in mind that the towing 


speeds are very low during operations. 


ec: TURNING COMPARISON 
In order to compare the cockpit displays during a turn 
it is first necessary to understand the type of information 


that 1s required of the pilots. For the pilot the required 


information is as follows. 
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a | 


Distance to the end of the minefield 


Time to Start turn Cue 


Table (10) Required Pilot Information 


For the pilot using the present cockpit the required 
information and associated scan distances are listed in 
Wable (ll). Similarly for the, pilot Using the NGS scene 
the required information and associated scan distances are 


fisted in Table (12) 















Gersien is is) a | 
Res Game 


Skew in a visual block reference 


gauge 





Ground Speed in (kts) Bye es) 


Dparstance to~the™end of thewminerield Not Available 


Time stoeSkart aaurn Cue Not Available 


Table (11) Scan Distance 
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Tension in a visual tape gauge format 
Skew in (degrees ) 


Skew in a visual block reference 










gauge 


ee ene speed ia (kts) 2moOS 


Distance to me enG.oc <= minefield AE SW: 


Time to Start turn Cue 


Table (12) Scan Distance 
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VIII. OPERATION EVALUATION (OPEVAL) 


A. OPERATION EVALUATION BACKGROUND 

The NCS system has undergone a thorough fleet 
evaluation otherwise know as an “OPEVAL.” The OPEVAL was 
conducted in 3 March to 27 April of 1995 under the 
supervision of Air Test and Evaluation Squadron One (VX-1) 
of Patuxent River Maryland. 

The scope of the OPEVAL was to take the NCS mission 
system currently loaded onto a fleet standard MH-53E 
helicopter and let fleet pilots fly and evaluate the system 
in their training environment. The fleet evaluation pilots 
selected were five MH-53E pilots in number with varying 
degrees of experience, stationed at Helmineron Fourteen (HM- 
4) located at NAS Norfolk , Virginia. Pateu, ce tne 
evaluation flights, the pilots received ground school 
instruction by the NCS system manufacturer, EER Systems Inc. 
After the ground school training, the pilots received 
familiarization flights with Squadron ONE’s MH-53E NCS 
system evaluation pilot. Once familiar with the NCS system 
operation , the HM-14 pilots conducted seven AMCM training 
sorties after which the pilots completed an AMCM Mission 


Evaluation Narrative (NAVAIR,1995). 
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The AMCM Mission Narrative authored by (VX-1) contained nine 
questions in which the pilots were asked to describe system 
performance in the AMCM environment. An example of the AMCM 
iipeani views mNCcOncaimed in Figs (43) 
i: OPERATION EVALUATION RESULTS CLASSIFICATION 

The author evaluated the data from the narratives in a 
concise manner, the data was separated into four categories: 
Orientation & Situational Awareness, Marking Procedures , 
Navigation & Steering, Weight and Balance Calculations. 
Since the nature of the narrative data was subjective and 
represented at best ordinal data only three levels of 
measurement was used to quantify the data. The author 


utilized three levels of measurement which were Favorable, 


Neutral and Unfavorable (Petho,1995). 





Figure 43 AMCM Narrative 
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C. RESUETS 
The results of the AMCM narrative summaries are 

indicated in Fig (44). From the summary data it is very 
apparent that pilot opinions of the cockpit design changes 
were primarily favorable or unfavorable. The aspects of the 
design changes that yielded the most favorable results were 
the Orientation/Situation Awareness & Navigation /Steering. 
The most unfavorable aspect was the marking procedures. The 
marking procedures received unfavorable opinions because 
bey wcequiredstheseo-pilot to input: time, Skew semamien, voce: 
into the GPS interface in order complete the marking 


procedures. 


AMCM Narrative Summary 
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Figure 44 AMCM Narrative Results 
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IX. IMPACT OF AIRCREW REQUIREMENTS ON AIRCRAFT DESIGN 


The subject matter explored mr cite pare Om sere "ence 1s 
involves some observations of possible design changes that 


could be undertaken in Euture AMCM a@irerait. 


ie ROTOR DOWNWASH REDUCTION 

Rotor downwash is a phenomena of which AMCM aircrews 
must constantly be aware, because of 1t’s negative effects 
On mission performance. Rotor downwash is the downward 
airtlow produced by the rotating main rotor of agheliveereren 


as depwerce mm Fig (45) . 








Figure 45 Rotor Downwash 


or 


Rotor downwash can have a negative impact on AMCM mission 
performance by causing water mist to obstruct the aircrew’s 
vision during an over water hover or by oscillating the AMCM 
“towed body” during streaming/recovering operations. When 
vision obstruction problems become apparent this often 
forces the crew to hover at a higher altitude than if no 
misting had occurred. The problems of oscillating “towed 
bodies” are often rectified by the pilot adjusting the 
aircraft drift speed/direction. Rotor downwash is the 
primary reason the MH-53E helicopter must hover over water 
at approx 50+ ft vice 35+ ft accomplished by smaller 
pubcbe@w@aut like Ee SH-3, SH-60 , etc. This required hover 
altitude due to rotor downwash misting impacts the AMCM 
mission by sometimes increasing the amount of time required 
to stream/recover a “towed body”.Lastly,one of the reasons 
MH-53E aircrews are not authorized to hoist individuals 
during an over water rescue is because of the vigorous rotor 


downwash induced waves to which a person would be subjected. 
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The phenomena of rotor downwash is primarily a function 
©& the helieéepter’s Disk” Beoacamra (PL) (Prouty, 1390). 
Mathematically, Disk Loading is equal to rotor thrust 


divided by the rotor disk area as Suggested in equation (1). 
DL = Thrust/Rotor Disk Area (1) 


For an helicopter ina hover, this thrust 1S equal to the 
Gross Weight (GW).The relationship between the air downflow 
velocity and the disk loading at sea level is expressed by 


equation (2). 


v=v (DL)/2p (2) 


Based on equation (2), Fig (46) depicts the relationship 
between air downflow velocity and the helicopter’s rotor 
Bedeus [Or Varrous alteratt sgroess watisinta- The design 
parameters by which the engineer can vary the aircraft’s 
rotor downwash are primarily the aircraft’s Gross Weight 
(GW), and rotor Dilade lengur (Rk). The aimereaits Wwelghr= ic 
dependent upon its component weights while the rotor disk 


area 1S a LUnecrION CE Ene rOror redlus. 
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Bout rtone)) Cansehnus be rewritten in terms of these 


basameteCrsmas equation (3) (Prouty,1990). 


GW=nR*DL (3) 


Based on equation (3), Fig (47) depicts the 
relationship between air downflow velocity and the 
helicopter’s rotor radius for various aircraft gross 
weights. Therefore, changes in a helicopter’s gross weight 
or rotor blade length will have an effect on the 
helicopter’s downwash velocity and possibly the aircrew 
operating the helicopter. Lowering an aircraft’s disk 
loading may allow an aircrew to clearly see at altitudes 


lower than previously possible. 







Downwash Velocity as a Functlon of Rotor Radius 
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Figure 46 Downwash vs Rotor Radius 
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Gross Wtas a Function of Disk Loading 
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Figure 47 Gross Weight vs Disk Loading 


i COEFFICIENT OF DRAG REDUCTION 

In an effort to explore the manner in which the space 
requirements of the aircrew are related to total aircraft 
drag, a brief study was conducted in which the aircraft 
fuselage size was related to the coefficient of drag. If the 
aircraft fuselage diameter is narrowed by 10% the aircraft 
total drag could be reduced by a minimum 2.5%. 

This reduction in drag has a potential to significantly 
affect the mission by decreasing the required thrust. The 
workspace of the aircrew is best illustrated by a Leen 
as illustrated in Fig (48)which is taken inside the MH-53E 


aircraft fuselage looking aft. 


7) 


As depicted during an AMCM mission, the aircrewmen workspace 
Pemvemy limited. Wiring an AMEM mission the aft end of the 
MH-53E contains winches, consoles and the “towed body”. One 
requirement that cannot be compromised is the requirement 
that the aircrew must have sufficient workspace within the 
aircraft in which to escape, in the event of an aircraft 
Geemenimge= ins, a reduction in drag aS a result of a 
narrower fuselage would impact the aircrew by making for a 
iia =cOntined Cabin. 

A smaller cabin area would necessitate a requirement 
for smaller winches in order to accommodate the crew 
ditching requirements. The potential use of smaller winches 
could only happen if the “towed bodies” are re-designed to 


require less tension. 





Figure 48 Aircrew Workspace 


2 


Thus, from this aspect the needs of the crew could have an 
indirect impact on the decision to make the aircraft 


fuselage smaller or in the re-design of the “towed body.” 
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X. CONCLUSION 


It is suggested that the proposed changes in the MH-53E 
instrument panel should reduce the pilot load stress 
(Petiito, 992) by 

1) Reducing the number of instruments the pilot must 

scan to perform the AMCM mission. 

2) Reducing the distance the pilot must scan to perform 

the AMCM mission. 

It is suggested that Situation Awareness and 
Navigation/Steering aspects of the new cockpit were the most 
favorable results because it provided the pilots with a top 
view of where the aircraft was with respect to the inside 
and perimeter of the minefield. It is also suggested that 
the positioning and screen size of the VO-30 in the present 
cockpit may pose a hindrance to the pilot attempting to 
acquire necessary information. 

Contrarily, the HSDS TOW screen may significantly 
mmorove the ability of the pilots to acquire Internation so, 

1) Positioning the screen on the primary instrument 

panel where it’s proximity for glare is reduced. The 

positioning of the screen additionally enables the 


pilot to obtain the moving map thereby enabling him to 
judge his rate of turn. 


1S 


2) The HSDS TOW screen provides an complete overview of 

Ficminoumrcmomeaumuch larger screen than does the 

VO-30 .The larger screen size of 6 X 6 inches enables 

the information to be scanned much more easily than on 

the 4 X 5 inch VO-30 screen 

3) The automatic turn indicator provides takes the 

guesswork out when the pilot should start the AMCM 

eboaee 

The procedures used in the marking of a mine-like 
contact proved to be the only source of unfavorable 
comments. Three out of the fourteen narratives state that 
the marking of a “mine-like” contact was too laborious 
because it prompted the pilot to input the location of the 
The lawe Goyect. This noting of the “mine like” object is 
not required because the aircrewman performing the Recorder 
tasks are required to record this information as per NATOPS 
procedures. Thus, the negative comments concerning the 


“marking” procedures should not significantly impact the NCS 


system performance. 
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AI. RECOMMENDATIONS 


It is recommended that more detailed explorations be 
made as to how aircrew design requirements impact weight and 
or drag of helicopters. Secondly, it 1s recommended that a 


study be conducted to see if the new NCS system has positive 


impact on operational tow time. 


yo, 
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9. Do you foresee any AMCM tactical changes as a result of NCS 
integration? 
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MPS Performance Calculations 
Objective: To evaluate the effectiveness/accuracy of the MPS 
es provided performance calculations. 


1. Weight and Balance Data 
2. Power Calculations 


Comments (Good and Bad): Fy(«.ifr7 ELILH 


NCS Navigation 

Objective: To complete an AQS-14 mission using the Nav/Comm 
system as the primary means of navigation and mission system 
information. Use all available HSDS/CDU screens and pages as you 
see fit to assist in mission accomplishment. 


Mission Narrative (General comments including minefield and tracks 


flown) ° = st Bee An D f I), VJ Of2. CS, on) ‘By 2B MTA at All) aN CU 

LK fee PS/(ER TOKE & EAA wibpscs AEUR K7 ALLS 
ML TA fi Al a ; AA Li fe / A KK SRA Hl IY} 7 4 ae, 

1 In which ways did NCS aid in your ability to successfully 


conduct an AMCM mission? Describe in detail. 


McH ) Tow) SCREELS Mutt EXSHR TO OBOE Abb AS mi kTt Mik 
JIE FOL On (bol FG SEHK. TOO DF iltie?] TO LOOK 
OUL.TO (YTS. ASS tL) LLL Td) 

2. In which ways did NCS hinder your ability to successfully 


conduct an AMCM mission? Describe in detail. 
WWREA a AAS LYLE La PD AGL UTDE 
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3. Did the NCS provide adequate steering cues and“theability to 


navigate precisely in the minefield? 
YES) NO If no, why? 











4. Which NCS functions, if any, were particularly difficult, time 
consuming, or required too much focus in the cockpit? 








S oS SLEAY LOT. 
5. Were there any failures or rf£ficulties with the NCS 
encountered during the flight? YES .\NO escribe: 











6. Did you see any abnormal CWA's? 





se SSS SS i SS ee 


7. Was critical mission information readily available? 


VS 


8. Did you deviate from your MPS created flight plan? If yes, why 
and how? 


fe NOLI [SAL LAT TL ‘70 DEI] DELETES 








“? ; cS ; ~ 7 —_ 
As, Hie BLA hJIAAMN CO FO EX] Dy ead VHA, LS : f 


Sirti Uprdpg AUTOSED, Thott REST OF Fuith Fuky) 
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on Do you foresee any AMCM tactical changes as a result of NCS 
integration? ps a 
ib RE LCE TO HAE P SEAT CPBS@CURR SLL THE 


ie 
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AMCM Mission Narrative 
: F ; 
Date: ZTHAOGF= prm sortie Name: 
AHAC Sagiaamtaee—" Co-Pilo 


Total Flight Time: a Tow Hrs /, 3 Op Tow . my 





MPS Performance Calculations 
Objective: To evaluate the effectiveness/accuracy of the MPS 
provided performance calculations. 


1. Weight and Balance Data ais 


2. Power Calculations 


Comments (Good and Bad): CB No heiven 


NCS Navigation 

Objective: To complete an AQS-14 mission using the Nav/Comm 
system as the primary means of navigation and mission system 
information. Use all available HSDS/CDU screens and pages as you 
see fit to assist in mission accomplishment. 


Mission Narrative (General comments including minefield and tracks 
flown): Deported X-RAY. Eee, MPS  reuke + W-50f 


bt devi adtiran Bars. Sheep part. Whaatall SegvencteA sak 
| < 
SAP. ; Come loteA ee +rack5 f Re covert Ale +o Vilx. 


Flew Lita re Hin» Yt BS. vont. Jy Ao Sovak Ste +. 


WY. 


de. In which ways did NCS aid in your ability to successfully 
conduct an AMCM mission? Describe in detail. 





eet flee! Warner! We absut Goo-l af hoes 
NCS prowdld outstandiay Se foe DWereAESS . 


2. In which ways did NCS hinder your ability to successfully 
conduct an AMCM mission? Describe in detail. 
+ aid nof ‘nder__ at al . 
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3. Did the NCS provide adequate steering cues and the ability to 
navigate precisely in the minefield? 
sxpeag 


YES NO If no, why? YES 2CG LEN LIA) ie Gian 


Cente, of fi ro C{e s Qe, hel n 





4. Which NCS functions, if any, were particularly difficult, time 
consuming, or required too much focus in the cockpit? 
not Et A = anqing SE 5 bine 


CohdsKuminr ; 








encountered during the flight? YES Describe: DertermintA 


Piel Body Des Pron ea Core 9 wth tow buen 
6+ ee Stow . 


oe Were there any failures 3 (io) Describe with the NCS 








6. Did you see any abnormal CWA's? 








7. Was critical mission TS ala readily available? 


Yes (Ze SE 








8. Did you deviate from your MPS created flight plan? If yes, why 
anaenow:s 


fever t ) fe = Ware d PINE Perea lee do Cll - 
due 4. SVEK, arnveals. ee Aa, | ieee 


helotnt in that ZD ~va> HH on enRa with, X— ICA" 


OVEN the u5 tke Vrs. was Ao bad Ron bare A 


VISksg on 2. 
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AMCM Mission Narrative 









Date: 29 MAR DTM Sortie Name: AST EDY Wako Rate 
Co-Pilot EE i 
Tota ght Time: “<%. > Tow Hrs =F /.6 Op Tow 7 a) 


MPS Performance Calculations 
Objective: To evaluate the effectiveness/accuracy of the MPS 
= provided performance calculations. 


1. Weight and Balance Data 
2. Power Calculations 


Comments (Good and Bad): Did NoT Use 


NCS Navigation 

Objective: To complete an AQS-14 mission using the Nav/Comm 
system as the primary means of navigation and mission system 
information. Use all available HSDS/CDU screens and pages as you 
see fit to assist in mission accomplishment. 


Mission Narrative (General comments including minefield and tracks 


flown) :_Dega-ted pont X-RAY did Mision mi Mi ee 


eld Usel she Streem seed sat MPS | CH leteA 








et 





thse/ Million wa 





eC tL 


i In which ways did NCS aid in your ability to successfully 
conduct an AMCM mission? Describe in detail. 
as reat] oS Cc MrSftan S tuctisr a | Alvareness Shae Cop, ls 


U tow Score es allows [ee ty Le/ +] s4 Me ber Le#s> Surns Dae 
use f$Cchje, oe oe us LT NCREASES OP Fa, Ame - Able $e 


2. In which ways did NCS hinder your ability to successfully 
conduct an AMCM mission? Describe in detail. 


NCS does not ere ally hinder abilhd q_+¢ Suceesstal!y 
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3. Did the NCS provide adequate steering cues and the ability to 
navigate precisely in the minefield? 


YES NO If no, why? YES HSDS readout $,- headrag 


malecy Uu Ver Ware Field azimysh and Qn headle 
- = next Flight, Wayld like at tiw Yveom 
deviatnas are Obvious | response aa how MSDS Compe: were Z knew this 
ves pape dort in DT. 
4. Which NCS functions, if any, were particularly difficult, Gime 
consuming, Or = too much focus in the cockpit? 





One W Erte orthc. Fs bc +s Fron a S507? / SS > Hild wat, 
Jack of exp. with or n tom Environment causel fie te gtaz inv! 
cock pit mor ¢ thaa mie St wh! 1a Law leld . iS rede 4A Ove CersCc 
Weed ae i) ETresJ +h 4 n the Or, ef , 

a Were there any failures or difficulties with the NCS 
encountered during the flight? YES Describe: 


NcS wer-ked Seca GS VOW .. 








Did you see any abnormal CWA'S? 


Whinec lem assin Tech vd CHL 97) AY4Ti/ Be, 


Panel  Fasdiem ae. gy le wrth thw Jvc Wee 
Ma be nea t#° CrnSure (WES hac 0 otf}e? von Atom Ton fan 








7. Was critical mission information readily ipa fc 
Sc rag orm wf) = =6—AVa/ abt wrt 6 cS then 


1S ntact, A mee -~p-have  weald % nie peadout 
on he — y Tew Scretn. 


8. Did you deviate from your MPS created flight plan? If yes, why 
and how? ts 


eis <r a DE Ca LO: 
Se Z 
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9. Do you foresee any AMCM tactical changes as a result of NCS 
integration? 
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AMCM Mission Narrative 
Bate: Lye APL __DTM Sortie Name: Ze AhPCRAVY 
INOS ——---~. 4 Co-Pilot 


Total Flight Time: 00a Tow Hrs /. 
MPS Performance Calculations 
Objective: To evaluate the effectiveness/accuracy of the MPS 
provided performance calculations. 









1. Weight and Balance Data 
2. Power Calculations 


Comments (Good and Bad):  SArve Comnes7TS_ f5 Bafoze 


ee 


I 


NCS Navigation 

Objective: To complete an AQS-14 mission using the Nav/Comm 
system as the primary means of navigation and mission system 
information. Use all available HSDS/CDU screens and pages as you 
see fit to assist in mission accomplishment. 


Mission Narrative (General comments including minefield and tracks 
flown): Weer TO mene Cred Pen Fleuy Werevs WS7S eS] 2677 2a) 


Lez - Yo ~ Quy smery COmMe THEANG wBwe HOo TE Keeover 





Ma oval Se Qye we TWesusn Kerarer O& PSEO 


_doveally Se Qve we ety THe oven OE Oe’ Orr 


an 


alte In which ways did NCS aid in your ability to successfully 
conduct an AMCM mission? Describe in detail. 


MAF DBrsPreay | DSF t+ XTK Ri2Eg FEXY¢@edlewT For. SrrmARYtan’ wrekies 


a 
Re 


cr 


>. In which ways did NCS hinder your ability to successfully 
conduct an AMCM mission? Describe in detail. 


I 
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3. Did the NCS provide adequate steering cues and the ability to 
navigate precisely in the minefield? 
(tes) Wo If no, why? 


ee ee eee eee eee ee ————— 








4. Which NCS functions, if any, were particularly difficult, time 
consuming, or required too much focus in the cockpit? 
Mee SoRIReT re, fevered faosy PF A495 Teme (Ce tecmreee 








>. Were there any failures or difficulties with the NCS 
encountered during the flight? YES (NQ>-—Describe: 





i 


6. Did you see any abnormal CWA's? 


ere 
RU ee ee EE EE 
a ——————Ee——— 
7. Was critical mission information readily available? 

Time + Fom re WOT Bead rid Durer ReLe BofeeraWy Wert ME SvepweT— 


a 


a 


8. Did you deviate from your MPS created flight plan? If yes, why 
and how? 
pee 


i 


a 
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9. Do you foresee any AMCM tactical changes as a result of NCS 
integration? 


Sectée. yroeKw<o CLlanwes + TYPE DE Sector Crore 


a 


I II 
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AMCM Mission Narrative 


Date: |/4P. DTM Sortie Name: | /APKRGi4O4 


OT “area 


AHAC/ | aes Co-Pilot 2iiiii-—=- 





Total “Fi Time: |.S Tow Hrs Op Tow 
MPS Performance Calculations 
Objective: To evaluate the effectiveness/accuracy of the MPS 
Xe provided performance calculations. 


1. Weight and Balance Data 
2. Power Calculations 


Comments (Good and Bad): Ks Rohl ns 








NCS Navigation 

Objective: To complete an AQS-14 mission using the Nav/Comm 
System as the primary means of navigation and mission system 
information. Use all available HSDS/CDU screens and pages as you 
see fit to assist in mission accomplishment. 


Mission Narrative (General comments including minefield and tracks 
flown): Le a-te X- FLEW Wes » Steam puoi nt 





severa| 










/< Via an /4 Pe 


iL In which ways did NCS aid in your ability to successfully 
conduct op AMCM mission? Describe in detail. 
. INCreuser 







the Shdam pest C man Pile Seguench / ~e orf Frock 
Fror S0rre eG Kip Fie, FSO (1? Segrtachked 4, fas? Hack) 


Wor Screven sHify alloweA Wo navigate 


2. In which ways did NCS hinder your ability to successfully 
conduct an AMCM mission? Describe in detail. > 
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3. Did the NCS provide adequate steering cues and the ability to 
navigate precisely in the minefield? 


YES NO If no, why? © Cesken) over a coflh/s VR ean 
yo kt ) oe etd, er“$S7, 


ie 
o 


4. Witich NCS functions, if any, were particularly difficult, time 
consuming, or required too much focus in the cockpit? 


ML partially takes a fot of rors ro Inhat aj 


lank — 


Lhe Var lax 


ae Were there any failures difficulties with the NCS 
encountered during the flight < YES NO Describe: 

Le manavall Sc ap scegucnets| 
UES mer” (ae a om i_/ 








INCL 














6. Did you see any abnormal CWA's? 


Vd 


7. Was critical mission information readily available? 


(eS 


— 


8. Did you deviate from your MPS created flight plan? If yes, why 
and how? 


We ert our Lettr— BxXactt Z,f Sf); Le /5 
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She Do you foresee any AMCM tactical changes as a result of NCS 
integration? 2 
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AMCM Mission Narrative 


ortie Name: SPR QUOC 


Go-EMiot 






(n 


Tecale Flight Tignes 2x5 Tow Hrs Le Op Tow / 


MPS Performance Calculations 
Objective: To evaluate the effectiveness/accuracy of the MPS 
provided performance calculations. 


1. Weight and Balance Data YL 


2. Power Calculations 


Comments (Good and Bad): Nh Fon, EMS . Whdh Ld a 
Caleulg+L VALUE 


NCS Navigation 

Objective: To complete an AQS-14 mission using the Nav/Comm 
system as the primary means of navigation and mission system 
information. Use all available HSDS/CDU screens and pages as you 
see fit to assist in mission accomplishment. 


Mission Narrative (General comments including minefield and oa 
flown): Flew IAS NCS [oan lan +) V59 : Lae 6 Cai i 


Me S Peat Ge oA S she Gs RTH 


(AS 10 


Ctr tam 








ds In which ways did NCS aid in your ability to successfully 
conduct an AMCM mission? Describe in detail. 


ie er tA See onal Qwa&rtlanli) Biles el Cren/ Ts pile 


Bn Fi mu en SH~24 me ae O ee Se ue Furay 


Fo | a See ee eee 


2. In which ways did NCS hinder your ability to successfully 
conduct an AMCM mission? Describe in detail. 
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3. Did the NCS provide adequate steering cues and the ability to 
navigate precisely in the minefield? 
YES NO If no, why? YES 


4. Which NCS functions, if any, were particularly difficult, time 
consuming, or required too much focus in the cockpit? 


wee USS C + Ble rape iainl it 1S A en 4o g-0+ 


hacle Vane ae 












Se Were there any failure or difficulties with the NCS 
encountered during the flight? (YESS NO Describe: 


SAE Tin +) wod Me oye:i Pes treo —g werk 


A 
Moe aie Pa towed b.l Seven [ Pir) 


- Peace : 








6. Did you see any abnormal CWA's? 





7. Was critical mission information readily available? 


Ves (tn br: et, must remoad pilow =e Coie Cree J 


wh0a ~frrerns eiaGe 4) Control ae ij fem Wore @x cl ff 


Pak ay Furnas, 


8. Did you deviate from your MPS created flight plan? If yes, why 


and how? KA | ier, ut a, h+ LQ tt} Bes Larne A 





whe > 











Data Sheet E-3 
Page 3 of 3 


Se Do you foresee any AMCM tactical changes as a result of NCS 
integration? 
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AMCM Mission Narrative 


pate: KOAPZAS prm sortie Name: IDAPR QIYO; 


AHAC oe Co-Pilot 


Total Flight Time: 2-@ Tow Hrs 





MPS Performance Calculations 
Objective: To evaluate the effectiveness/accuracy of the MPS 
provided performance calculations. : 


1. Weight and Balance Data 
2. Power Calculations 


Comments (Good and Bad): sylifl = yt ED Cale2 rk pitts 
Atk sieges Ot . 





NCS Navigation 

Objective: To complete an AQS-14 mission using the Nav/Comm 
system as the primary means of navigation and mission system 
information. Use all available HSDS/CDU screens and pages as you 
see fit to assist in mission accomplishment. 


Mission Narrative (General comments including minefield and tracks 
flown) : ake ltr, na aA, wh <4 Oe C* C. “ 


~ 


a Marke ae : ee I a Ee Se eI 


? 


PRA OTS tls. Vid! 





is In which ways did NCS aid in your ability to successfully 
conduct an AMCM mission? Describe in detail. 


tee cM TON ie Gt Averatec 
za eee tin Cie x a 
be Ee CaP o oe Cot eg 


L/ 





2. In which ways did NCS hinder your ability to successfully 
conduct an AMCM mission? Describe in detail. 


SH el por A ee eS 
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3. Did the NCS provide adequate steering cues and the ability to 


YES yNO. precisely in the minefield? 
YES  ,NO If no, why? hv tol te6o~ _toOe ae 


CL pet ie ee EE SE zucen ahi for penplile poten Litngtlle 


4. Which NCS functions, if any, were particularly difficult, time 
consuming, or required too much focus in the cockpit? 





ee 





5. Were there any failures or difficulties with the NCS 
encountered during the flight? YES NO Describe: 


Merk 


6. Did you see any abnormal CWA's? 


int VA 


a 


7. Was critical mission information readily available? 


a“ A 


LM whe Halt? 


8. Did you deviate from your MPS created flight plan? If yes, why 
and how? { 

f/0 , eyed! Lag lt. hare Ler uw Lipp 

“ Y // 


Mian Bw fore ta DD 









2 
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9. Do you foresee any AMCM tactical changes as a result of NCS 


OE aan +4, ee ite Z He as Tee Vil 
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AMCM Mission Narrative 
Date: )/7@r29<s- DTM Sortie Name: 


AHAC See. Co-Pilot 


Total Flight Time: 1S Tow Hrs /,0-.-Op Tow ,% 





MPS Performance Calculations 
Objective: To evaluate the effectiveness/accuracy of the MPS 
provided performance calculations. 


1. Weight and Balance Data ie 
2. Power Calculations eee 


Comments (Good and Bad): Sime  Commeste 46 Belere. ARRour Sree 
EdGrac, Aym AGooT We wa} Perlcenene ¢ CAltolAifox ASx hovny 


NCS Navigation 

Objective: To complete an AQS-14 mission using the Nav/Comm 
system as the primary means of navigation and mission system 
information. Use all available HSDS/CDU screens and pages as you 
see fit to assist in mission accomplishment. 


Mission Narrative (General comments including minefield and tracks 
flown): Wo Peeaisme FO Ger YS S7TPear. PT Manyasattu Seo once Pact 


QCTeeaw Pr yw Ger STeerrng FO 1 FE nc¥  SwrTense Baek TH Avo Seq, 
KRoerst. We <SrTeesw ASS SeQvenced THeove AtL THe Teancks EvettT THE lace 


ONS 





ile In which ways did NCS aid in your ability to successfully 
conduct an AMCM mission? Describe in detail. 


THe TO us Pace. Gorve GPRear S<rmMmatrovenrc. ODwarservese Liem THE 
AR xrTrow OF XT + DrsT FRon Grves 6@esT STe€arrve Coes 


2. In which ways did NCS hinder your ability to successfully 
conduct an AMCM mission? Describe in detail. 


LS LL THE WAY Th To THe yer «67TeReCKR OC ONO 
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Pr 2c HAD 1 ConceSTEFE W eEdTee cnc Werner nw fel} Bebxro 


Dera Wem AL Cp Prist DoT Ee 


3. Did the NCS provide adequate steering cues and the ability to 
igate precisely in the minefield? 


NO Ef no, why? Sra 2G 12 ude _os/ ALe THE Cm aes 


UP FeasT _ 





4. Which NCS functions, if any, were particularly difficult, time 
consuming, or required too much focus in the cockpit? 


ERrTE NS PSEQ + MaeeK FoSXtras Lmazy PRbs LS TAD Bos? Swowhk 


(Re tmPossr RLez To IT Fe Puy w/ MoLltrPers CantacTe 


>. Were there any failures aifficulties with the NCS 
encountered during the flight? fes)_No Describe: Cwirnxse 7Feove4 


THe FreneVve USHE Vt Wepre. STREAK rT DO 


6. Did you see any abnormal CWA's? 
eS 





7. Was critical mission information readily available? 
TOo mapy {S$ 0 Tens T Posh sO Gey Terme + Fom Pace UP 





eae Pace 4 C&rtre.s | 


8. Did you deviate from your MPS created flight plan? If Yes,) why 
and how? 


Re ewer  enevs, As Fret Promises FOeteER FRY 
eT 
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9. Do you foresee any AMCM tactical changes as a result of NCS 


integration? 
WO, Yost been Fere SPedT Praynres + OMA THE FAereyre ud] 
fee raFo #AVATLERLE 





Measurements 


A) Distance tu middle of the TSI lighted LCD scale tthK Se Be 
B) Distance io the middle of the TSI numerical readout +H 4 4 
C) Distance to middle of the TSI’s skew bat nde tie 5 ke 
D) Distance to GSDA Ground Speed output 3% ; 

E) Distance to GSDA arrow center 3 YM" 

F) Distance to middle of the HSI i) ; 


G) Distance to HSI’s Course indication J YY 


° = -—-y>D 
TO*d vpOLZ Srv LGZ “IOISVALSASNJIAWDWNY 4¥2:9T 96-TE-FPO0 


9-16-1996 1:07PM FROM 


cO°- 


; Zs 
H) Distance to HSI’s mites indication “3 


I) Distance to the middie of the mode select panel ae 


PART 2 
This part of the measurements I’m trying to get an idea of the approximate 
viewing areas of the ADI, TSI and HSI, see FIG 2. 
1) ADI dimensions AI y & AD 3% 
2)TSi dimensions B1_ 2 ‘4&p2 2% 


3) HSI dimensions C1 4 Vy #02 3 Wy 


PART 3. 

For this next part you probably will need some assistance. I need you or 
someone you want to measure who is within normal pilot height/wt requirements to 
sit in the pilot seat in a nomnal flying position. The measurements need to be: 

Y 
1) From the cockpit floor to the pilot’s eye height. 41 % 
2) Approximate distance from the pilot’s eye to the center of the AD] om 
3) An estimate of the pilot's normal seat position 


(i.e. full back & full down , 3 clicks back & 1 click up, etc) 


‘OT, back & fol) ona 


vOLL Gbvv LGZ IODSVYLSASNdMWOWY ST:9T 96-TE-F°0 


~ ew roeom 1 :wyent FROM 


a, 


“> biee « -—e @ @e e oo @ amie we te ce CO 


Al -HS3ME-NEM-000 












Fee ? 
veer agy 
‘Flay 
@. 
+4 










$ & 
Se CLIMB 


1000 FT PER win 
Qo 


Own 







S$ ¥$061 (C2) 


INSTRUMENT PANEL 


FO-2 (Reverse Blank) 
' CHANGE 3 





cod vOLL Gprv LGZ IODSVYALSASNdMWOWY SI-:9T 96-TE-750. 


9-16-1996 1-:-O7FH FROM 


4) With the pilot sitting on a hard surface (i.e. desk) and measure from 
MH 
the desk to the piJots eye height Bigs 
“i 
5) Approx distance from the pilot’s eye to center of VO-30 screen SS ef 
Uf 


6) Approx distance from the co- pilot’s eye to center of VO-30 screen Src 


7) Pilot’s estimated HT_7/  & WT 162. 


As a last request if vou have any pictures of the VO-30 and a natops like write up 
on it’s functions this would be greatly appreciated. 
A huge thanx to your & who ever you drafted into helping me out with 


my thesis. 


Th PAX AA 
# perce fs 


AVE 979 - 2313 


Vi wy U8lA & OR Edge Corn 


vod pOLL SGbvrv LGL IODSVYULSASNdMWOWY ST:9T 967 Te-3°0 


as wD 040712 
i = ) Se, CxsmUSS 


Lo | Kak gle 2 


I 4U0 CUO 












LCOO7 caek TRACK:OAB © 
CG But ue eS 
NAV:NCS  AMCM 


—\en399.975/29 HF23.0000/14 C2 NBG TOON. 
SS ae 


~ 
~e . 
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